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Abstract 
By introducing the regulation of nervous-endocrine-immune net into the research of wind-power yaw control system, 
and designing an artificial intelligent yaw controller based on the nervous-endocrine-immune regulatory mechanism 
of the organism. The controller received the environmental information by artificial immune system and to make the 
appropriate yaw control .We can get the feedback of control performance by artificial nervous and endocrine system. 
The adjustment can be inherited through genetic algorithm to ensure that the yaw system of self-learning and adaptive 
ability. Efficiency of the method was verified on a wind turbine mode using MATLAB. Compares with the fuzzy PID 
and the traditional PID, results show that the controller has more efficient in terms of the stability and robustness. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
As a green, no pollution, renewable and clean energy, wind power has characteristics of low energy
density and strong randomicity. In order to use wind power effectively, yaw control system becomes an 
indispensable part in horizontal axis wind-driven generator [1]. The wind generator in three-dimensional 
space environment, the uncertainty of wind speed and direction, turbulent and wind shear difference make 
wind generators in yaw control process load fluctuating. Moreover, load fluctuation further causes yaw 
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control system speed fluctuation.Then, the yaw control system efficiency, stability and robustness is not 
very ideal. Therefore, how to improve control precision, stability and robustness of yaw control system 
become an important content in the research [2]. 
In wind power yaw control system, wind speed, direction and other environmental factors are dynamic 
and unpredictable. This requires yaw control system can adaptive learning according to the changing 
environment. The traditional yaw control system uses methods such as PID [3], fuzzy control [4] and 
fuzzy PID control [5-7]. However, these methods exist some defects below: a. As the wind farm 
environment change random and unpredictable, fuzzy rules are difficult to adapt to environment changes 
of wind farm. b. Yaw system will not make control if it meets new situation. c. Developing fuzzy rules 
need to spend a lot of time and it is difficult to attribute a complete set of fuzzy rules. 
Neuroendocrine-immune system is an important component of the biological information processing 
system. It existed complex two-way adjustment mechanism in the three systems of biology of the nerve, 
endocrine and immune and also has good adaptability and stability. Related research continues to appear. 
In [8], as for biology regulating mechanism, proposes a new control strategy of robot and its behavior 
planning algorithm by the reference of the neuroendocrine system. A mechanism has been presented 
based on neuroendocrine regulation of intelligent control systems in [9] and applies it to the robot control 
and regulation. However, intelligent control of neuroendocrine immune research is still in its infancy. This 
paper researched regulation mechanism of neuroendocrine immune system, proposes a new wind-power 
yaw control algorithm, compared with PID and fuzzy control algorithm, it improves the adaptability and 
stability of the wind-power yaw control system. 
2. Yaw controller design based on artificially neuroendocrine immune adjustment 
Neuroendocrine-immune system is a full sophisticated complexity regulation system which exists in 
the living organisms. It is a kind of multi-dimensional three-dimensional network regulation institutions 
and coordinates their efforts and check each other in neuroendocrine immune system. 
This paper studies a lot on the basis of yaw control, puts forward a network optimization control model 
based on the biology information processing mechanism. We also research biology neuroendocrine 
immune adjustment control mechanism, puts the “wind deviation present unit” and “wind deviation 
processing unit” analogous to the organism the immune system, the “control unit ”analogous to biology 
endocrine system, and the “optimization unit” analogous to biology nervous system, establish maximum 
wind power the nervous system of the adaptive control tracking yaw control model.  
2.1. Structure of artificially neuroendocrine immune yaw control system 
As shown in Fig 1, yaw controller is composed of wind direction detection unit, wind deviation present 
unit, wind deviation processing unit, control unit, and optimization unit. 
 
 
Fig.1   structure of neuroendocrine immune yaw controller 
In Fig 1, the wind deviation e(t) preprocessed by the wind deviation present unit and the angle we call 
it E(t), wind deviation processing units can eliminate it by adjusting the data of wind direction. Control 
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performance of wind deviation present unit and wind bias processing unit can be adjusted by the control 
unit. Optimization unit optimize parameters of processing unit and control unit by genetic algorithm. So 
that we can improve the control performance of the controller by the control unit and the optimization 
unit: 
• Wind deviation present unit. According to the immune system antigen presenting mechanisms, 
systematic deviations can be treated through the presentation quickly eliminated.  
• Wind deviation processing unit. Based on mechanisms of the elimination of antigen in immune system 
, yaw angle changing with the wind direction. 
• Control unit. Corresponding to the endocrine system. Control unit used to adjust the parameters of the 
present unit and the processing unit.  
• Optimization unit. Nervous system can regulate the endocrine and immune systems in the overall, 
making it eliminate the invasion antigens rapidly and steady.. 
2.2. Yaw control algorithm of artificial neuroendocrine immune system 
Deviation present algorithm 
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Where, F(e(t)) is a function that can control the deviation E(t), and its value determined by the control 
unit. 
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In eq (2), E(t) is the presented yaw angle,  Kpi is the proportional gain of wind data. n is the number of 
wind data in the environment, its value  determined by the control unit too. 
Main control parameter optimization algorithm 
• Deviation presentation regulation 
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In eq (3), α and β are positive real numbers. They determine the maximum presentation times when 
the control error is 0, and  1≤α≤10, 0≤β＜1.0. 
• Optimization of wind data collection 
)(ten ⋅= λ
                                                                                                                          (4) 
Where, λ is a positive real number greater than 1.0, and the choice of  λ value should make n greater 
than 1.0. 
Parameter optimization genetic algorithm  
Individual genes. We defined all parameters of the yaw control to be optimized for the individual 
genes.. 
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Fitness function. First select the integral of the control deviation e(t) absolute value, square of the yaw 
signal, overshoot δ and adjusting time Ts as one parameter of objective functions, to ensure the stability 
and rapidity in yaw control system, and then obtain the following objective function.  
 
∫ +++= ∞0 4s3221 )δgtg(t)dtuge(t)(gJ                                                                                            (5) 
In eq(5) , g1 to g4 are weight coefficients, and their values can be selected according to the control 
requirements. Accordingly the fitness function defined as follows: 
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E(Jk,Jk-1) was the relative error of minimum fitness between two adjacent generations. min(Jk-1) and  
min(Jk) are the minimum fitness of the (k-1) generation and k generation, ω is a positive real number. If 
any of the above conditions is true, then stop searching.  
3. Results and Analysis 
In order to verify the performance of the yaw control system, we built the yaw mode by using 
MATLAB. Simulation parameters are as follows: Rated voltage: U = 220V, rated power P = 300W, rated 
speed N = 1000r/min; rotary inertia J = 0.054kg.m2, taking λ = 5, δ = 0.05, Ts = 0.5s, α = 3.5, β = 0.4. In 
the simulation process, each individual in a population number is 50, crossover and mutation factor were 
respectively 0.9 and 0.05 and the weight factor is g1 = 0.75, g2 = 0.02, g3 = 2.5, g4 = 100. The system has 
trained about 10000 random data of wind direction in the range [-180°,180°], as shown in Figure 2. 
 
 
Fig  2  samples of wind yaw controller training 
Through the training sample, making the yaw control against the wind directions can quickly trace the 
changing wind direction, and gradually eliminate deviations so that yaw control system of adaptive 
control according wind direction changes. In the simulation, we added the noise interference signals, 
compared with the PID and fuzzy PID as shown in Fig 3. 
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Fig  3 simulation of yaw control system 
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Comparison shows that the simulation, artificial immune neuroendocrine control than fuzzy PID and 
PID control has better control performance, can make the system better stability, and both overshoot of 
the system , oscillation and steady state error decreases. 
4. Conclusion 
This paper deals with the analysis of the wind generators yaw control system from the biological 
neuroendocrine immune adjustment mechanism： 
• The research has designed the artificial structure of neuroendocrine-immune yaw control. Yaw 
controller is composed of wind direction detection unit, wind deviation present unit, wind deviation 
processing unit, control unit and optimization unit. 
• The paper also references biology neuroendocrine immune adjustment control mechanism, puts the 
“wind bias present unit” and “wind bias processing units” analogous to the organism the immune 
system, the “organisms master unit ” analogous to biology endocrine system, and the " optimization 
unit "analogous to biology nervous system. Artificial immune network applied to neuroendocrine wind 
turbine yaw control system. 
• It also analyzes the characteristics of adaptive control organisms, studies the yaw control of adaptive 
learning algorithm under the condition of the unpredictable wind speed, wind direction and other 
natural factors, improve the stability and robustness of the yaw system. 
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